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Purpose: Although it has been widely accepted as the evidence supporting prophylactic 
carotid endarterectomy, aspects of the Asymptomatic Carotid Atherosclerosis Study have 
left unease among clinicians who must decide which individuals without symptoms 
should undergo surgery. Additional confusion has been created by the fact that the 
several arge randomized trials investigating the efficacy of  carotid endarterectomy have 
classified and analyzed different categories of  carotid stenosis. In an effort to provide 
more information on the natural history of  asymptomatic, moderate carotid artery 
stenosis (50% to 79%), we have reviewed ata on approximately 500 arteries. 
Methods: Records of  our vascular laboratory from 1990 to 1992 were reviewed. We 
identified 425 patients with asymptomatic, moderate carotid artery stenosis; 71 patients 
had bilateral stenoses in this category, resulting in 496 arteries for study. 
Results: The mean length of  follow-up was 38 -+ 18 months. New ipsilateral strokes 
occurred in 16 (3.8%) patients. New ipsilateral transient ischemic attacks occurred in 25 
(5.9%) patients. Documented progression of  stenosis occurred in 48 (17%) of  the 282 
arteries for which a repeat duplex examination was available. Arteries that progressed to 
>80% stenosis were significantly more likely to have caused strokes than those that 
remained in the 50% to 79% range (10.4% vs 2.1%, p < 0.02). Conversely, arteries that 
remained stable in the degree of stenosis were significantly more likely to have remained 
asymptomatic than those that progressed (92.7% vs 62.5%, p < 0.001). With life-table 
analysis the estimated cumulative ipsilateral stroke rate was 0.85% at 1 year, 3.6% at 3 
years, and 5.4% at 5 years. The respective stimated cumulative transient ischemic attack 
rates were 1.9%, 5.5%, and 6.3%. The respective stimated cumulative rates for progres- 
sion of  stenosis were 4.9%, 16.7%, and 26.5%. Life-table comparison of  ipsilateral stroke 
revealed a significantly higher cumulative rate among arteries that progressed in the 
degree of  stenosis than among those that remained stable (p < 0.001). 
Conclusions: Based on the low rate of  permanent neurologic events in these cases, 
prophylactic carotid endarterectomy for the asymptomatic, moderately stenotic internal 
carotid artery cannot currently be recommended. The only factor that appears to predict 
increased risk for future stroke is progression of  stenosis. Careful follow-up with serial 
repeat duplex examinations must be performed in these patients. Until there are widely 
accepted uplex parameters that can provide all clinicians with accurate identification of  
arteries with narrowing corresponding to 60% stenosis as defined by the Asymptomatic 
Carotid Atheroscierosis Study, all surgeons will need to be aware of  specificaily how their 
noninvasive laboratories are deriving their results. For the many laboratories that con- 
tinue to use the University of  Washington criteria, 80% should remain the level above 
which prophylactic carotid endarterectomy is warranted. (J Vasc Surg 1997;25:423-31.) 
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Before the published report of the Asymptomatic 
Carotid Atherosclerosis Study (ACAS), ~ several 
smaller uncontrolled studies 2-s had suggested that 
patients with asymptomatic severe stenosis (>80%) 
were at risk for stroke and might benefit from pro- 
phylactic arotid endarterectomy. Equally important 
from some of these earlier studies was the finding 
that individuals with lesser degrees ofstenosis were at 
very low risk for stroke and most likely would not 
derive a clear advantage from surgery. 2,s,9,1° Al- 
though it has been widely accepted as the affirmation 
of the practice of operating for asymptomatic steno- 
sis, several aspects of the ACAS 1 have left some un- 
ease among clinicians who are being asked to decide 
which individuals without symptoms hould un- 
dergo prophylactic operative intervention. 
First, although ACAS ~ was conclusive in demon- 
strafing the benefit of surgery over medical therapy, 
the calculated risks for ipsilateral stroke for the two 
groups were 5% versus 11% at 5 years. In some minds 
the reduced risk of stroke by approximately 1% per 
year was not dramatic, particularly considering that 
the probability of not having a stroke if surgery was 
deferred was 89% at 5 years. Second, the study in- 
cluded individuals with 60% stenosis or more; fur- 
thermore no increased risk of stroke was demon- 
strated for those individuals with severe stenosis 
(80% to 99%) compared with those with compara- 
tively lesser degrees of stenosis (60% to 79%). This 
finding was not only contrary to most earlier natural 
history studies of asymptomatic stenosis but also dif- 
fered markedly with the findings of the North Amer- 
ican Symptomatic Carotid Endarterectomy Trial 
(NASCET), ll in which there was a clear increase in 
the likelihood of stroke as the carotid arteries became 
progressively more narrowed. 
An additional central issue that adds to the per- 
plexity surrounding this topic is the fact that the 
several large randomized trials investigating the effi- 
cacy of carotid endarterectomy have classified and 
analyzed different categories of carotid stenosis as 
defined by duplex examination. There have been no 
universally accepted uplex criteria that absolutely 
signifies any specific degree of carotid stenosis. Fur- 
thermore centers and studies that have performed 
internal validation studies to compare duplex exami- 
nation with the "gold standard," conventional cere- 
bral arteriography, have used several distinct measur- 
ing protocols to ascertain the degree of angiographic 
carotid narrowing. This area remains in a state of 
flux; an individual clinician cannot simply accept a 
numeric result from a noninvasive vascular laboratory 
without knowing which type of duplex criteria and 
angiographic correlation has been used to provide 
the output. As increasing numbers of vascular sur- 
geons are performing carotid endarterectomy with- 
out cerebral arteriography, the standardization a d 
accuracy of the duplex scan is a critical theme. 
We agree with most other vascular surgeons that 
there is a level of"severe" carotid stenosis that clearly 
requires prophylactic endarterectomy to prevent 
stroke. However, there is a gray zone of patients 
without symptoms who have a somewhat lesser de- 
gree of stenosis and who may or may not benefit 
from prophylactic operative intervention. In an effort 
to provide more information on the natural history 
of this category of patients with asymptomatic ca- 
rotid stenosis, we have retrospectively reviewed ata 
on approximately 500 carotid arteries falling into a 
division that we are defining as "moderate" stenosis; 
this category reflects those patients without symp- 
toms over a 3-year period at our institution who were 
advised against prophylactic surgery based on their 
degree of stenosis as reported by our noninvasive 
vascular laboratory. We believe these data will help to 
clarify some of the issues outlined previously and will 
assist in the day-to-day judgments a clinician must 
make and recommend to patients when faced with 
the wealth of data regarding prophylactic arotid 
endarterectomy. 
PATIENTS AND METHODS 
The records of the vascular laboratory of Tisch 
Hospital of the New York University Medical Center 
were reviewed for the years 1990 through 1992. 
During this 36-month period a total of 717 patients 
had a carotid duplex scan revealing at least one of the 
carotid arteries to have moderate stenosis. Excluded 
from this group were all patients who were known to 
have had hemispheric symptoms ipsilateral to a mod- 
erately stenotic artery. Additionally excluded from 
the 717 patients were 96 patients for whom the 
indication for the test was unknown and 196 patients 
for whom there were no accurate phone numbers or 
referring physicians' names to facilitate follow-up. 
Therefore, there were 425 patients, 71 of whom had 
bilateral moderate carotid artery stenosis without ca- 
rotid territory symptoms. In all there were 496 
asymptomafic carotid arteries with moderate stenosis 
available for study. Patients were not excluded if they 
had reported nonfocal or nonhemispheric neurologic 
symptoms, or if hemispheric symptoms had occurred 
in the territory of the carotid artery not under study. 
Of the 425 patients, 246 had undergone at least 
one follow-up duplex scan along with clinical fol- 
low=up during the period of study. Another I79 
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patients did not return for a follow-up examination 
but were monitored clinically through one or more 
of the following methods: hospital records, outpa- 
tient records, and phone calls to patients or families 
of patients. Although some similar studies have cho- 
sen to exclude patients if subsequent duplex scans 
were not available, we believed this exclusion in a 
retrospective study would possibly represent a selec- 
tion bias towards patients who eventually had neuro- 
logic symptoms. Inasmuch as the purpose of this 
study was to document the natural history of individ- 
uals with asymptomatic stenosis and to determine 
the incidence and possible consequences of progres- 
sion of carotid bifurcation disease, the study group 
was made as inclusive as possible. 
Termination of follow-up of an artery in the 
study was reached when one or more of the follow- 
ing end points occurred: the patient had carotid 
territory symptoms related to the artery under study, 
the patient underwent a duplex scan that revealed 
progression i the degree of stenosis to greater than 
80%, the patient died, or the artery was operated on. 
In accordance with the general policies at our insti- 
tution, the great majority of patients who either 
progressed to greater than 80% stenosis or had ca- 
rotid territory symptoms with 50% to 79% stenosis 
underwent prompt carotid endarterectomy. 
Duplex scans were performed and read by expe- 
rienced technicians with a pulsed-wave Doppler with 
a 7.5 MHz probe (Advanced Technical Laboratories, 
Inc.). The degree of stenosis was determined by 
measuring the peak sYStolic velocity, the end diastolic 
velocity, and the degree of spectral broadening. Bi- 
furcation lesions were categorized into one of five 
categories in the manner described by Strandness et 
al.12 and based on the previously mentioned param- 
eters: 0% to 15%, 16% to 49%, 50% to 79%, 80% to 
99%, and total occlusion. Moderate stenosis was de- 
fined as a result from our vascular laboratory in the 
50% to 79% stenotic range. The specific duplex crite- 
ria for defining astenosis in our laboratory of at least 
50% included spectral broadening, systolic velocity 
>120 cm/sec, and a peak systolic velocity of >140 
cm/sec. Criteria for defining a stenosis approaching 
79% included an end diastolic velocity of 110 to 124 
cm/sec. Vessels with an end diastolic velocity of 
>125 cm/sec were characterized in the 80% to 99% 
stenotic range. These velocity cut points have been 
validated by our noninvasive laboratory by compar- 
ing duplex results with conventional ngiography. 13 
The method of angiographic correlation of the de- 
gree of stenosis used the minimum vessel diameter at 
the lesion as the numerator and the distal internal 
carotid artery as the denominator to calculate the 
percentage ofnarrowing (NASCET n method). 
All data were analyzed by means of the statistical 
software package SPSS (SPSS Inc., Chicago, Ill.). 
For categoric variables the significance of any differ- 
ences between groups was analyzed by the X 2 test or 
by the Fisher's exact est when appropriate. Survival 
free from a significant event was computed by means 
of life-table analysis. Life-table comparisons were 
performed with the generalized Wilcoxon (Gehan) 
test. A result was considered statistically significant 
with a p value < 0.05. 
RESULTS 
Patient characteristics 
The mean age of the 426 patients at their first 
duplex examination was 74.5 _+ 10 years. Males 
patients comprised 51.5% of the total group; 48.5% 
were female. In examining risk factors for atheroscle- 
rotic disease, it was found that 60.5% of the patients 
had hypertension, 62.2% had coronary artery disease, 
24.8% had diabetes mellitus, and 55.1% were either 
present or past cigarette smokers. Of the 425 pa- 
tients, 51 (12%) died during the follow-up period. 
The most common reported cause of death was car- 
diac disease. 
Indications for duplex scanning 
The indications for the primary duplex examina- 
tion for the 425 patients were routine screening or 
the presence of an asymptomatic carotid bruit for 
212 (49.9%) patients. An additional 116 (27.3%) 
underwent duplex scanning for various nonspecific, 
nonhemispheric symptoms such as dizziness, vertigo, 
miscellaneous visual disturbances, and headache. 
The remaining 97 (23.8%) patients presented with 
unilateral hemispheric symptoms (either transient 
ischemic attack (TIA) or stroke) that were contralat- 
eral to an asymptomatic, moderately stenotic artery. 
Degree of contralateral stenosis 
The degrees of stenosis found in the carotid ar- 
tery contralateral to the vessel included in analysis 
were as follows: 3.0% had 0% to 15% stenosis, 35.8% 
had 16% to 49% stenosis, 34.3% had 50% to 79% 
stenosis, 13.9% had 80% to 99% stenosis, and 7.3% 
were totally occluded by duplex examination. The 
remaining 5.7% were contralateral rteries that had 
previously undergone endarterectomy. 
Neurologic events and progression of stenosis 
The mean length of follow-up was 38 + 18 
months (range, 1 to 68 months). The significant 
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Table I. Neurologic events and progression 
of stenosis occurring in follow-up 
Duplex and clinical (%) 
Clinical 
only S~able Progressive 
(%) (50-79%) (>80%) 
Tom/s 
(%) 
ASX 208 217 30 455 
(97.2) (92.7)* (62.5)* (91.7) 
TIA 0 12 13 25 
(0) (5.1)]" (27.1)t (5.0) 
CVA 6 5 5 16 
(2.8) (2.1)~ (10.4)1: (3.2) 
Total 214 234 48 496 
*(92.7% vs 62.5%) p< 0.001. 
1-(5.1% vs 27.1%) p= 0.001. 
~:(2.1% vs 10.4%) p< 0.02. 
ASX, Asymptomafic; CVA, cerebrovascular accident. 
events that occurred uring the follow-up period are 
summarized in Table I. Only documented clinical 
cerebrovascular events ipsilateral to the analyzed ar- 
tery were included. 
New stroke. New ipsilateral strokes occurred in 
relation to 16 (3.2%) arteries in 16 (3.8%) patients. 
Of these 16 new strokes, five (31.3%) occurred with a 
follow-up duplex documenting a stable lesion, five 
(31.3%) occurred with duplex documentation of a 
progressive stenosis, and in the remaining six 
(37.5%) cases no follow-up duplex examination was 
available. Of the five strokes in which the stenosis had 
progressed, two progressed to 80% to 99% and three 
to 100%. No significant relationship was discovered 
between the development ofstroke and the degree of 
contralateral stenosis, diabetes, heart disease, hyper- 
tension, a smoking history, sex, the presence of con- 
tralateral hemispheric symptoms, or contralateral 
surgery. However, in examination ofthose 282 arter- 
ies that underwent follow-up duplex scanning, there 
was a significantly higher incidence of new ipsilateral 
stroke in those patients who had documented pro- 
gression of stenosis compared with those with stable 
lesions (10.4% vs 2.1%, p < 0.02) (Table I). 
New TIA. New ipsilateral TIAs occurred in rela- 
tion to 25 (5%) arteries in 25 (5.9%) patients. All of 
these cases had follow-up duplex examinations per- 
formed; 12 (48%) had stable lesions and 13 (52%) 
had progressive stenosis, all to the 80% to 99% range. 
No significant relationship was discovered between 
the development ofstroke and the degree of contralat- 
eral stenosis, hypertension, heart disease, smoking 
history, sex, the presence of contralateral hemi- 
spheric symptoms, or contralateral surgery. How- 
ever, diabetics were significantly more likely to have 
TIAs in follow-up (9.8% vs 3.3%, p < 0.01). In 
Table II. Life-table analysis for stroke, TIA, 
and progression of stenosis 
Year 
Stenosis 
Stroke TIA progression 
(N = 496) (N = 496) (N = 282) 
(%) (%) (%) 
1 0.85 (_+0.4) 1.9 (_+0.6) 4.9 (_+1.3) 
2 1.6 (_+0.6) 3.6 (_+0.9) i1.8 (+_2.1) 
3 3.6 (_+0.9) 5.5 (+_1.1) 16.7 (_+2.5) 
4 3.6 (_+0.9) 6.3 (_+1.3) 22.6 (_+3.2) 
5 5.4 (_+1.6) 6.3 (_+1.3) 26.5 (_+4.0) 
6 5.4 (_+1.6) 6.3 (_+1.3) 33.9 (_+7.9) 
Results expressed ascumulative p rcentage byyear (+ standard 
error of cumulative p rcentage). 
examination of those 282 arteries that underwent 
follow-up duplex scanning, there was a significantly 
higher incidence of new ipsilateral TIA in those pa- 
tients who had progressive stenosis compared with 
those who had stable lesions (27.1% vs 5.1%, p = 
0.001) (Table I). 
Progression of  stenosis. Analysis of progression 
of stenosis was performed only among the 282 arter- 
ies for which at least one follow-up duplex was per- 
formed. Progression ofstenosis occurred in a total of 
48 (17%) arteries. Progression of stenosis to 80% to 
99% occurred in 44 (15.6%) arteries, and progression 
to total occlusion occurred in 4 (1.4%) arteries. Of 
the 48 arteries that had progressive stenosis, 30 
(62.5%) remained asymptomafic, 13 (27.1%) had 
developed TEAs, and S (10.4%) had developed new 
strokes. Among the arteries that progressed to 80% 
to 99%, 29 (65.9%) patients remained without symp- 
toms, 13 (29.6%) had experienced TIAs, and 2 
(4.5%) had new strokes. Among the four arteries that 
progressed to total occlusion, three patients had new 
strokes, and one remained without symptoms. 
There was no significant relationship between 
progression of stenosis and the degree of contralat- 
eral stenosis, diabetes, heart disease, hypertension, 
positive smoking history, sex, the presence of con- 
tralateral hemispheric symptoms, or contralateral 
surgery. 
Arteries that progressed in stenosis were signifi- 
cantly more likely to have caused hemispheric neuro- 
logic symptoms (either TIA or stroke) than those 
that were documented tohave stable stenoses (37.5% 
vs 7.3%, p < 0.001). Conversely, arteries that re- 
mained stable in the degree of stenosis were signifi- 
cantly more likely to have remained asymptomatic 
(92.7% vs 62.5%, p < 0.001) (Table I). 
In examination of the 247 arteries that under- 
went repeat duplex scanning for follow-up purposes 
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Fig. 1. Cumulative freedom from ipsilateral stroke by life-table analysis. Difference in cumula- 
tive stroke rates between arteries with stable stenoses and those with progressive stenoses i
significant with p value of 0.001. 
only, that is, no symptoms had occurred, 217 
(87.9%) of the stenoses remained stable, whereas 30 
(12.1%) progressed. Alternatively, of the 35 arteries 
that underwent repeat duplex scanning because of 
the development of ipsilateral hemispheric symp- 
toms, 17 (48.6%) remained stable, whereas 18 
(51.4%) progressed to > 80% stenosis. This difference 
is statistically significant with a p value less than 
0.0001 (Table I). 
Survival analysis. With life-table analysis the es- 
timated cumulative ipsilateral stroke rate was 0.85% 
at 1 year, 3.6% at 3 years, and 5.4% at 5 years (Table 
II, Fig. 1). The respective numbers for the estimated 
cumulative ipsilateral TIA rate were 1.9%, 5.5%, and 
6.3% (Table II). Life-table analysis for progression of 
stenosis was performed only for those arteries that 
underwent more than one duplex examination. The 
respective numbers for the estimated cumulative rate 
of stenosis progression were 4.9%, 16.7%, and 26.5% 
(Table II, Fig. 2). The overall survival for the entire 
cohort of patients by life-table analysis was 98% at 1 
year, 92.2% at 3 years, and 77% at 5 years. 
In comparing the cumulative rates of ipsilateral 
stroke by life-table analysis for different subgroups of 
patients, itwas found that patients with no follow-up 
duplex examination did have a decreased cumulative 
stroke rate compared with patients who had under- 
gone follow-up duplex examinations, which achieved 
statistical significance (p = 0.04). This finding helped 
to confirm our initial suspicion that analysis of the 
reduplexed group only might represent a selection 
bias. Comparison of cumulative stroke rates did not 
reveal any significant differences based on sex, con- 
comitant medical illnesses, the degree of contralat- 
eral stenosis, or the original indication for the duplex 
examination. 
In life-table comparison of the cumulative stroke 
rates between arteries that had documented progres- 
sion of stenosis and those that were known to have 
remained stable, it was found that cases with progres- 
sion of stenosis had a significantly increased cumula- 
tive stroke rate compared with those with stable 
stenoses (p < 0.001) (Fig. 1). 
Life-table analysis of the rate of progression i the 
247 patients who remained without symptoms but 
underwent additional duplex examinations atthe ju- 
risdiction of their own physician for follow-up pur- 
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Fig. 2. Cumulative rates of stenosis progression (in patients with more than one duplex 
examination) by life-table analysis. 
progression i  this group of 3.4% at 1 year, 10.4% at 
3 years, and 20.2% at 5 years (Fig. 2). 
DISCUSSION 
The number of carotid endarterectomies per- 
formed for asymptomatic stenosis has clearly been 
increasing as the data supporting prophylactic sur~ 
gery have become better substantiated. The ACAS 1 
demonstrated a benefit of surgical over medical ther- 
apy for patients without symptoms who have greater 
than 60% stenosis; however, this degree of  narrowing 
cannot simply be accepted in a vacuum. Inclusion as 
an ACAS 1 center mandated individual correlation 
studies between Doppler flow velocities and angiog- 
raphy at each institution to provide the duplex scan 
with a positive predictive value of 90% in identifying 
an angiographic stenosis of greater than 60%. 14 This 
process provided a very specific and well-defined 
group of patients to study; however, it is unclear how 
this group of patients relates to the patients and 
numbers that most clinicians ee on a daily basis. 
Many noninvasive laboratories continue to use 
the University of Washington 12 criteria to report 
carotid duplex results. These classifications are 
thought not to correlate well with ACAS 1 categories, 
because the original angiographic measurement pro- 
tocol on which these criteria are based did not use 
the currently accepted method of arteriographic 
measurement of stenosis. However, at least one re- 
cent report has shown that the duplex criteria of 
Strandness et al.12 still provide a sensitivity of 96%, a 
specificity of 85%, and an accuracy of  89% in detect- 
ing greater than 70% stenosis even when the 
NASCET and ACAS methods of angiographic as- 
sessment are used. 15 Several other investigators have 
been working to devise new duplex criteria that 
would have the highest degree of accuracy in detect- 
ing stenosis of greater than 60%. 15-2° Currently, 
however, there are no universally accepted uplex 
guidelines for predicting ACAS~ or NASCET 11 levels 
of stenosis. Individual aboratories are often encour- 
aged to validate their own results by comparison with 
standard arteriography. Unfortunately, with the in- 
herent risks of cerebral angiography and the subse- 
quent trend towards using only noninvasive xami- 
nations before carotid surgery (duplex and magnetic 
resonance angiography), this is probably an unrealis- 
tic expectation of most centers. 
Certainly the ideal way to study the natural his- 
tory of moderate carotid artery stenosis would be in a 
prospective manner, monitoring all patients with se- 
rial clinical evaluations and duplex scans. A perfect 
analysis would additionally require a commitment on 
the part of both investigators and patients to defer 
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surgical intervention should thc patient have neuro- 
logic symptoms or progress to a more severe degree 
of stenosis. The ethical dilemmas in performing such 
an investigation i  the aftermath of NASCET 11 are 
obvious; the failure of the ACAS 1 and Veteran's 
Affairs Cooperative Study 8 to provide an accurate 
picture of  the natural course of these arteries reflects 
these issues. Unfortunately, then, the only means 
available of examining this topic at this time are 
retrospective. The retrospective nature of this study 
clearly renders ome serious limitations to the con- 
clusions that can be drawn from these data for several 
reasons, including: patients did not have a uniform 
timing or uniform method of follow-up, and pro- 
gression of stenosis was often detected only after a 
symptom occurred. 
The risk of having a stroke related to an asymp- 
tomatic, moderately stenotic carotid artery can be 
discussed with several different approaches. Overall, 
the stroke rate in these patients during a mean fol- 
low-up period of more than 3 years was 3.8% of 
patients, or 3.2% of all arteries monitored. However, 
these retrospective data may include a subsection of 
patients (i.e., those who underwent more than one 
duplex examination) that was biased towards the 
development of a neurologic event. Therefore, it is 
possible that 3.8% may even be higher than the true 
stroke rate would have been if these patients had 
been monitored prospectively. Among patients who 
were in actuality not followed at all, those who had 
no repeat duplex examination, the stroke rate was 
2.8% over the same follow-up period. Among those 
patients with documented stable stenoses, the stroke 
rate was only 2.1% over the same duration. By life- 
table analysis the estimated cumulative ipsilateral 
stroke rate was 0.85% at 1 year and approximately 1% 
per year for a period of  5 years. Therefore, the rate of 
permanent neurologic events in these patients ap- 
pears to be rather low, and the yearly rate is certainly 
less than most reported perioperative stroke rates 
subsequent to carotid endarterectomy. 
I f  prophylactic surgery is not the appropriate 
method to prevent strokes in these patients given the 
previously cited data analysis, what else can be done 
to further identify and perhaps intervene in those 
patients who are more likely to have a stroke? Of  
patients who have a stroke, what percentage have had 
progression of stenosis? Because not all patients in 
our series who had a stroke underwent subsequent 
duplex scanning, we can only estimate that at least 
31% (5 of 16) had stenosis progression. However, of 
cases that underwent repeat duplex scanning for fol- 
low-up purposes only, 12.1% had progressed-to 
greater than 80% stenosis. This result can be con- 
trasted with cases that underwent repeat duplex scan- 
ning because of the development of  an ipsilateral 
hemispheric event, of  which 51.4% had progressed to 
a more severely stenotic range. This difference is 
highly statistically significant with a p value less than 
0.0001. Progression of stenosis was the only factor 
that was clearly significantly associated with the de- 
velopment of stroke. Conversely, arteries that were 
documented tohave remained stable in the degree of 
stenosis were significantly less likely to have had any 
neurologic symptoms. To distinguish the patients at 
an increased risk for having a stroke, progression of 
stenosis must be identified. With progression of ste- 
nosis to the 80% to 99% range, ideally before a 
permanent neurologic event occurs, prophylactic 
surgery can be performed with an more acceptable 
risk/benefit ratio. No clear strategy will predict hose 
arteries that will progress. Accordingly, serial duplex 
scanning is critical. 
It could be argued that the surprisingly high rate 
of stenosis progression reported in this retrospective 
study (an estimated cumulative rate of  26.5% at 5 
years) is falsely elevated by the same manner in which 
the rate ofneurologic events might be. This problem 
of course represents the individual practices of the 
many referring physicians who use our noninvasive 
laboratory. It appears that many patients who origi- 
nally had no symptoms were referred for repeat ex- 
aminations only when they had had the onset of new 
symptoms. Unforttmately, in these cases the stroke ,or 
TIA prompted the repeat study. In the perfect envi- 
ronment arepeat study performed at regular intervals 
would predict hose more likely in need of prophy- 
lactic endarterectomy to prevent he forthcoming 
episode. Underscoring the importance of serial non- 
invasive examinations i the fact that even among 
cases that remained asymptomatic and underwent 
repeat testing for follow-up purposes only, 12.1% 
progressed over the follow-up period of  the study. 
Life-table analysis of this group revealed cumulative 
rates of progression of 3.4% at 1 year, 10.4% at 3 
years, and 20.2% at 5 years even in those cases that 
remained asymptomatic (Fig. 2). Serial examination 
is the only way to identify this substantial percentage 
of originally asymptomatic moderately stenotic arter- 
ies that will progress to the severely stenotic stage. 
It will not be possible to prevent all strokes in this 
or in any cohort of patients. Some patients will have a 
stroke when an artery becomes totally occluded; it is 
impossible to know in these cases whether an interim 
phase between moderate stenosis and total occlusion 
ever existed. In addition, the severity of  stenosis is 
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not the only factor that can precipitate a stroke; 
intraplaque hemorrhage and ulceration are some of 
the other inciting conditions that were not examined 
in this study and may not be detected even on rou- 
tine serial duplex scanning. However, based on the 
low overall rate of permanent neurologic events in 
these cases, prophylactic carotid endarterectomy for 
this specific category of asymptomatic, moderately 
stenotic internal carotid arteries cannot currently be 
recommended. The risk of stroke or even of TIA for 
an artery with a documented stable stenosis is most 
likely even less. The optimum interval for repeat 
duplex scanning cannot be determined from this 
analysis. It would seem prudent to recommend re- 
peat testing in these patients at 6-month to 1-year 
intervals at the minimum. Unfortunately, we have 
seen by reviewing the records of our own vascular 
laboratory that many patients who undergo duplex 
scanning of the carotid artery for screening purposes 
or the presence of a carotid bruit and are found to 
have a moderately stenotic vessel never return for a 
repeat duplex examination. In this era of overwhelm- 
ing concern regarding the cost-effectiveness of all 
medical procedures, we can understand why this is 
so. However, if the goal is to prevent as many strokes 
as is feasible, the only solution at this point is to 
rigorously monitor these patients with serial non- 
invasive testing. 
For the previously mentioned reasons it is clear 
that ACAS ~ guidelines cannot be extrapolated to all 
clinical situations. It is a matter of great concern that 
vascular surgeons who are unaware of the ramifica- 
tions described previously might select an patient 
without symptoms who has a carotid stenosis re- 
ported as 50% to 79% and perform surgery on that 
individual based on ACAS ~ data. The data reported 
here support the conclusions of other investigators 
that this specifi c category of patient with a 50% to 
79% stenosis does not warrant prophylactic sur- 
gery. 21-23 Until there are widely accepted duplex pa- 
rameters that can provide all clinicians with accurate 
identification of arteries with narrowing correspond- 
ing to 60% stenosis as defined by the ACAS, ~ all 
vascular surgeons will need t ° be aware of specifically 
how their noninvasive laboratories are deriving their 
results. For the many laboratories that continue to 
use the University of Washington criteria, 80% 
should remain the level above which prophylactic 
carotid endarterectomy is warranted. 
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